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Abstract
This paper aims at examining the impact of supermarkets on the Chinese dietary structure. Using the China Health

and Nutrition Survey data, the effects of the distance to the nearest supermarket on individual food consumption are

estimated. While the existing research focuses mostly on demand-side factors during the dietary transition, this study

takes up a new angle by studying the influence of supermarkets, a supply-side factor. A few findings emerge. First,

the distance to a modern supermarket exhibits different effects on various food consumption. The proximity of

supermarkets is associated with a higher consumption level of animal foods, fruit, and dairy products, but a lower

consumption level of cereal and vegetables. Second, individuals with high income appear to consume more of all

food categories except for cereal. Third, better educated, urban individuals consume a much higher level of animal

foods, fruit, and dairy products than their less educated, rural counterparts.
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✶ ■♥tr♦❞✉❝t✐♦♥

❆♥ ❡①t❡♥s✐✈❡ ❧✐t❡r❛t✉r❡ st✉❞✐❡s t❤❡ ❝♦♥tr✐❜✉t✐♥❣ ❢❛❝t♦rs t♦ ❞✐❡t❛r② str✉❝t✉r❡s ✐♥ ❞✐✛❡r❡♥t
❝♦✉♥tr✐❡s✳ ❘❡s❡❛r❝❤❡rs ✜♥❞ ♥✉tr✐❡♥t ❝♦♥s✉♠♣t✐♦♥ ♣❛tt❡r♥s ✈❛r② ✐♥ r❡s♣♦♥s❡ t♦ ❡❝♦♥♦♠✐❝
❢❛❝t♦rs s✉❝❤ ❛s ✐♥❝♦♠❡✱ ❛s ✇❡❧❧ ❛s s♦❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞ ❞❡♠♦❣r❛♣❤✐❝ ❢❛❝t♦rs s✉❝❤ ❛s r❛❝❡✱
❡❞✉❝❛t✐♦♥✱ ❦♥♦✇❧❡❞❣❡ ♦❢ ❤❡❛❧t❤✱ ❛♥❞ r❡s✐❞✐♥❣ ❧♦❝❛t✐♦♥ ✭❇❛s✐♦t✐s ❡t ❛❧✳✱ ✶✾✽✸❀ ❚✐♣♣❡tt ❡t
❛❧✳ ✶✾✾✸❀ ❇❧♦❝❦ ❛♥❞ ❙✉❜❛r✱ ✶✾✾✸❀ ❙✇❛♥s♦♥ ❡t ❛❧✳✱ ✶✾✾✸❀ ●♦✉❧❞ ❛♥❞ ▲✐♥✱ ✶✾✾✹❀ ◆❛②❣❛✱
✶✾✾✹❀ ❱❛r✐②❛♠ ❡t ❛❧✳✱ ✶✾✾✻❀ ❆❞❡❧❛❥❛ ❡t ❛❧✳✱ ✶✾✾✼❀ ❱❛r✐②❛♠✱ ✷✵✵✸✮✳ ■♥ t❤❡ ❝♦♥t❡①t ♦❢ ❈❤✐♥❛✱
❡①✐st✐♥❣ r❡s❡❛r❝❤ ❢♦❝✉s❡s ♦♥ t❤❡ ❝❤❛♥❣✐♥❣ ❞✐❡t❛r② ❤❛❜✐ts ❛♥❞ r❡❧❛t❡❞ ♣♦❧✐❝② ✐♠♣❧✐❝❛t✐♦♥s
❞✉r✐♥❣ t❤❡ ✶✾✾✵s ✭●✉♦ ❛♥❞ ❩❤❛✐✱ ✷✵✵✵❀ ●✉♦✱ P♦♣❦✐♥✱ ▼r♦③✱ ❛♥❞ ❩❤❛✐✱ ✶✾✾✾❀ ❉✉✱ ▲✉✱ ❩❤❛✐✱
P♦♣❦✐♥✱ ✷✵✵✷✮✳

❆❜♦✈❡ st✉❞✐❡s t❛❦❡ ❛ ❞❡♠❛♥❞✲s✐❞❡ ❛♣♣r♦❛❝❤✱ ❜② ❡st✐♠❛t✐♥❣ t❤❡ ❡✛❡❝ts ♦❢ s♦❝✐♦❡❝♦♥♦♠✐❝
✈❛r✐❛❜❧❡s ♦r ❝❛❧❝✉❧❛t✐♥❣ ❞❡♠❛♥❞ ❡❧❛st✐❝✐t✐❡s ♦❢ ❢♦♦❞ ♣r✐❝❡s✳ ❚❤❡ s✉♣♣❧②✲s✐❞❡ ❢❛❝t♦rs ❛r❡
r❛r❡❧② ❡①❛♠✐♥❡❞✱ ❡✈❡♥ t❤♦✉❣❤ t❤❡ ❛✈❛✐❧❛❜✐❧✐t② ♦❢ ❢♦♦❞✱ ❢❛❝✐❧✐t❛t❡❞ ❧❛r❣❡❧② ❜② ♠✐❞❞❧❡♠❡♥✱
✐s ❝r✉❝✐❛❧ ❢♦r ❢♦♦❞ ❝♦♥s✉♠♣t✐♦♥✳

❙✉♣❡r♠❛r❦❡ts ❛r❡ ♦♥❡ t②♣❡ ♦❢ ♠✐❞❞❧❡♠❡♥ ❜❡t✇❡❡♥ ❝♦♥s✉♠❡rs ❛♥❞ ❢♦♦❞ ♣r♦❞✉❝❡rs✳
❆ ✧s✉♣❡r♠❛r❦❡t r❡✈♦❧✉t✐♦♥✧ ❤❛s ♦❝❝✉rr❡❞ ✐♥ ❆s✐❛ ✐♥ t❤❡ ♣❛st t✇♦ ❞❡❝❛❞❡s ✭❘❡❛r❞♦♥✱
❡t ❛❧✳✱ ✷✵✶✵✮✳ ■♥ ❈❤✐♥❛✱ t❤❡ ❝♦♥❝❡♣t ♦❢ s✉♣❡r♠❛r❦❡ts ✇❛s ✐♥tr♦❞✉❝❡❞ ✐♥ t❤❡ ❧❛t❡ ✶✾✾✵s✳
❋✉♥❞❡❞ ❜② ❞♦♠❡st✐❝ ❛♥❞ ❢♦r❡✐❣♥ ❝❛♣✐t❛❧✱ s✉♣❡r♠❛r❦❡ts ❡①♣❛♥❞❡❞ q✉✐❝❦❧② ♥❛t✐♦♥✇✐❞❡ ❛❢t❡r
✷✵✵✵✳ ❊✈❡♥ t❤♦✉❣❤ ❢♦r❡✐❣♥ s✉♣❡r♠❛r❦❡ts ❤❛❞ ❛ ❤❡❛❞ st❛rt✱ ❞♦♠❡st✐❝ ❝♦♠♣❡t✐t♦rs ❝❛✉❣❤t
✉♣ s✇✐❢t❧② ✇✐t❤ ❣r♦✇✐♥❣ ❡✣❝✐❡♥❝②✳ ■♥ ✷✵✶✷✱ t❤r❡❡ ♦❢ t❤❡ t♦♣ ✜✈❡ s✉♣❡r♠❛r❦❡ts ✇❡r❡
❈❤✐♥❡s❡ ❜r❛♥❞s ✭●❛♦①✐♥✱ ❍✉❛r✉♥✱ ❛♥❞ ❇❛✐❧✐❛♥✮✱ ❛❝❝♦✉♥t✐♥❣ ❢♦r ✶✼✳✼✪ ♦❢ t♦t❛❧ ♠❛r❦❡t
s❤❛r❡✳ ❚❤❡ t✇♦ ❧❛r❣❡st ❢♦r❡✐❣♥ ♣❧❛②❡rs✱ ❲❛❧✲▼❛rt ❛♥❞ ❈❛rr❡❢♦✉r✱ t♦♦❦ ✉♣ ✶✶✳✼✪ ✭❑❛♥t❛r
❲♦r❧❞♣❛♥❡❧ ❈❤✐♥❛✱ ✷✵✶✸✮✳ ▼❛❥♦r✐t② ♦❢ s✉♣❡r♠❛r❦❡ts ❛r❡ s✐t❡❞ ✐♥ ❝✐t✐❡s✱ t❛r❣❡t✐♥❣ t❤❡ r✐s✐♥❣
♠✐❞❞❧❡✲❝❧❛ss ❢❛♠✐❧✐❡s✳ ❋❡✇❡r s✉♣❡r♠❛r❦❡ts ❤❛✈❡ ❜✉s✐♥❡ss ✐♥ t♦✇♥s❤✐♣s ❛♥❞ ✈✐❧❧❛❣❡s✱ ✇❤❡r❡
✐♥❞✐✈✐❞✉❛❧s ♦❢t❡♥ ♥❡❡❞ t♦ tr❛✈❡❧ ♠♦r❡ t❤❛♥ ✸✵ ♠✐♥✉t❡s t♦ ❛❝❝❡ss ❛ ♠♦❞❡r♥ s✉♣❡r♠❛r❦❡t✳
❚❤✐s ✐s ❡✈❡♥ ♠♦r❡ ✐♥❝♦♥✈❡♥✐❡♥t ❝♦♥s✐❞❡r✐♥❣ t❤❡ ❢❛❝t t❤❛t ♠❛♥② ❧♦✇❡r✲✐♥❝♦♠❡ ❢❛♠✐❧✐❡s ❞♦
♥♦t ♦✇♥ ❛♥② ✈❡❤✐❝❧❡s✳

❚❤❡ r✐s❡ ♦❢ s✉♣❡r♠❛r❦❡t ❝❤❛❧❧❡♥❣❡s t❤❡ ♣♦s✐t✐♦♥ ♦❢ tr❛❞✐t✐♦♥❛❧ ❝♦♠♠✉♥✐t② ♠❛r❦❡ts
✭❈❛✐❝❤❛♥❣✮✳ ❈♦♠♣❛r❡❞ t♦ s✉♣❡r♠❛r❦❡ts✱ ❝♦♠♠✉♥✐t② ♠❛r❦❡ts ❛r❡ s♠❛❧❧❡r✱ ♠♦r❡ s❝❛tt❡r❡❞✱
❛♥❞ ❝❧♦s❡r t♦ r❡s✐❞❡♥t✐❛❧ ❛r❡❛s✳ ❙✐♠✐❧❛r t♦ ❢❛r♠❡rs✬ ♠❛r❦❡ts ✐♥ t❤❡ ❲❡st✱ ✈✐❧❧❛❣❡rs ❢r♦♠
♥❡❛r❜② r✉r❛❧ ❛r❡❛s tr❛✈❡❧ t♦ ❝♦♠♠✉♥✐t② ♠❛r❦❡ts ❡✈❡r② ♠♦r♥✐♥❣ t♦ s❡❧❧ ♣r♦❞✉❝❡✱ ♠❡❛t✱
❛♥❞ ♦t❤❡r ❛❣r✐❝✉❧t✉r❛❧ ♣r♦❞✉❝ts ❢r♦♠ ❧♦❝❛❧ ❢❛r♠s✳ ❚❤❡② ✇♦r❦ ❛s ♣r✐✈❛t❡ ✈❡♥❞♦rs ❛t ❛
❝♦st ♦❢ ♠♦♥t❤❧② r❡♥t ♣❛✐❞ t♦ t❤❡ ♦r❣❛♥✐③❡r✳ Pr✐♦r t♦ t❤❡ s✉♣❡r♠❛r❦❡t r❡✈♦❧✉t✐♦♥✱ ♠♦st
❈❤✐♥❡s❡ r❡❧✐❡❞ ♦♥ ❝♦♠♠✉♥✐t② ♠❛r❦❡ts ❢♦r ❣r♦❝❡r② s❤♦♣♣✐♥❣✳ ❖✈❡r t✐♠❡✱ s✉♣❡r♠❛r❦❡ts
❤❛✈❡ ❛ttr❛❝t❡❞ ♠♦r❡ ❝✉st♦♠❡rs ❜② ♦✛❡r✐♥❣ ❛ ❜❡tt❡r s❤♦♣♣✐♥❣ ❡♥✈✐r♦♥♠❡♥t✱ ♠♦r❡ ❝❤♦✐❝❡s ♦❢
❣♦♦❞s✱ ❛♥❞ ❢♦♦❞ s❛❢❡t② ❣✉❛r❛♥t❡❡✳ ◆❡✈❡rt❤❡❧❡ss✱ ❝♦♠♠✉♥✐t② ♠❛r❦❡ts ❛r❡ st✐❧❧ ❛♥ ✐♠♣♦rt❛♥t
♣❛rt ♦❢ ❝✐t✐③❡♥s✬ ❧✐❢❡✱ t❤❛♥❦s t♦ ✐ts ✉♥✐q✉❡ t✐❡s t♦ t❤❡ ♥❡✐❣❤❜♦r❤♦♦❞✳

❚❤✐s ♣❛♣❡r ❛✐♠s ❛t ❡①❛♠✐♥✐♥❣ t❤❡ ✐♠♣❛❝t ♦❢ s✉♣❡r♠❛r❦❡ts ♦♥ t❤❡ ❈❤✐♥❡s❡ ❞✐❡t❛r②
str✉❝t✉r❡ ❜② ✐♥✈❡st✐❣❛t✐♥❣ ✇❤❡t❤❡r t❤❡ ❛✈❛✐❧❛❜✐❧✐t② ♦❢ s✉♣❡r♠❛r❦❡ts ✐s ❛ss♦❝✐❛t❡❞ ✇✐t❤
❝❡rt❛✐♥ ❝♦♥s✉♠♣t✐♦♥ ♣❛tt❡r♥s ♦❢ ❞✐✛❡r❡♥t ❢♦♦❞s✳ ❯s✐♥❣ t❤❡ ♠♦st r❡❝❡♥t ❈❤✐♥❛ ❍❡❛❧t❤ ❛♥❞
◆✉tr✐t✐♦♥ ❙✉r✈❡② ❞❛t❛✱ t❤✐s st✉❞② ❡st✐♠❛t❡s ❤♦✇ t❤❡ ❞✐st❛♥❝❡ t♦ t❤❡ ♥❡❛r❡st s✉♣❡r♠❛r❦❡t
✐s r❡❧❛t❡❞ t♦ ❝♦♥s✉♠♣t✐♦♥ ❧❡✈❡❧s ♦❢ ✜✈❡ ❢♦♦❞ ❣r♦✉♣s✳ ❆ ❢❡✇ ✜♥❞✐♥❣s ❡♠❡r❣❡✳ ❋✐rst✱ t❤❡
❞✐st❛♥❝❡ t♦ ❛ ♠♦❞❡r♥ s✉♣❡r♠❛r❦❡t ❤❛s ❛ str♦♥❣ s✐❣♥✐✜❝❛♥t ❡✛❡❝t ♦♥ ❢♦♦❞ ❞❡♠❛♥❞✱ ❡✈❡♥
❛❢t❡r ❝♦♥tr♦❧❧✐♥❣ ❢♦r ❢❛♠✐❧② ✐♥❝♦♠❡✱ ❧♦❝❛t✐♦♥✱ ❛♥❞ ❢♦♦❞ ♣r✐❝❡s✳ ❉✐st❛♥❝❡ ❡①❤✐❜✐ts ♦♣♣♦s✐t❡
❡✛❡❝ts ♦♥ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❞✐✛❡r❡♥t ❢♦♦❞s✳ ■♥❞✐✈✐❞✉❛❧s ❧✐✈✐♥❣ ✐♥ ❝❧♦s❡ ♣r♦①✐♠✐t② ♦❢
s✉♣❡r♠❛r❦❡ts ❝♦♥s✉♠❡ ♠♦r❡ ❛♥✐♠❛❧ ❢♦♦❞s✱ ❢r✉✐t✱ ❛♥❞ ❞❛✐r② ♣r♦❞✉❝ts✱ ✇❤✐❧❡ t❤♦s❡ ❢❛r
❛✇❛② ❢r♦♠ s✉♣❡r♠❛r❦❡ts ❝♦♥s✉♠❡ ♠♦r❡ ❝❡r❡❛❧ ❛♥❞ ✈❡❣❡t❛❜❧❡s✳ ❙❡❝♦♥❞✱ ❤✐❣❤❡r✲✐♥❝♦♠❡



❚❛❜❧❡ ■✿ ❘❡❝♦♠♠❡♥❞❡❞ ✈s✳ ❖❜s❡r✈❡❞ ❋♦♦❞ ❈♦♥s✉♠♣t✐♦♥

❋❖❖❉ ❈❖◆❙❯▼P❚■❖◆

❆❝t✉❛❧ ✐♥t❛❦❡ ❢r♦♠ ❞❛t❛✱ ✷✵✵✾

❘❡❝♦♠♠❡♥❞❡❞(a) P❡r❝❡♥t✐❧❡ ▼❡❛♥
❉❛✐❧② ■♥t❛❦❡ ♣✶✵ ♣✷✺ ♣✺✵ ♣✼✺ ♣✾✵ ♣✾✺

❈❡r❡❛❧ ✭❣✮ ✭✷✺✵✱ ✹✵✵✮ ✷✸✵ ✸✵✵ ✸✽✸✳✸ ✹✾✸✳✸ ✻✷✵ ✼✶✸✳✸ ✹✵✽✳✼
❆♥✐♠❛❧ ❢♦♦❞s ✭❣✮ ✭✶✵✵✱ ✶✼✺✮ ✸✸✳✸ ✼✻✳✼ ✶✹✻✳✼ ✷✷✽✳✸ ✸✶✻✳✼ ✸✽✸✳✸ ✶✻✸✳✾
❱❡❣❡t❛❜❧❡s ✭❣✮ ✭✸✵✵✱ ✺✵✵✮ ✶✽✸✳✸ ✷✻✻✳✼ ✸✼✻✳✼ ✺✵✵ ✻✸✸✳✸ ✼✸✸✳✸ ✸✾✼✳✺
❋r✉✐t ✭❣✮ ✭✷✵✵✱ ✹✵✵✮ ✵ ✵ ✵ ✼✹✳✼ ✷✵✵ ✷✽✸✳✸ ✺✼✳✶
❉❛✐r② ♣r♦❞✉❝ts ✭❣✮ ✸✵✵ ✵ ✵ ✵ ✵ ✵ ✽✸✳✸ ✶✶✳✼

✭❛✮ ❈❤✐♥❡s❡ ◆✉tr✐t✐♦♥ ❙♦❝✐❡t②

✐♥❞✐✈✐❞✉❛❧s ❝♦♥s✉♠❡ ♠♦r❡ ♦❢ ❛❧❧ ❢♦♦❞s ❡①❝❡♣t ❢♦r ❝❡r❡❛❧✳ ❚❤✐r❞✱ ❜❡tt❡r ❡❞✉❝❛t❡❞ ✉r❜❛♥
✐♥❞✐✈✐❞✉❛❧s ❝♦♥s✉♠❡ ❛ ♠✉❝❤ ❤✐❣❤❡r ❧❡✈❡❧ ♦❢ ❛♥✐♠❛❧ ❢♦♦❞s✱ ❢r✉✐t✱ ❛♥❞ ❞❛✐r② ♣r♦❞✉❝ts✳

✷ ❉❛t❛ ❛♥❞ ❙✉♠♠❛r② ❙t❛t✐st✐❝s

❚❤❡ ❞❛t❛ s❡t ✐s ❝♦❧❧❡❝t❡❞ ❜② t❤❡ ❈❤✐♥❛ ❍❡❛❧t❤ ❛♥❞ ◆✉tr✐t✐♦♥ ❙✉r✈❡② ✭❈❍◆❙✮✱ ❛♥ ♦♥❣♦✐♥❣
❧♦♥❣✐t✉❞✐♥❛❧ s✉r✈❡② ❝♦♥❞✉❝t❡❞ ❜② t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ◆♦rt❤ ❈❛r♦❧✐♥❛✳ ❚❤✐s s✉r✈❡② ❝♦✈✲
❡rs ♥✐♥❡ ♣r♦✈✐♥❝❡s ✭❍❡✐❧♦♥❣❥✐❛♥❣✱ ▲✐❛♦♥✐♥❣✱ ❙❤❛♥❞♦♥❣✱ ❍❡♥❛♥✱ ❏✐❛♥❣s✉✱ ❍✉❜❡✐✱ ❍✉♥❛♥✱
●✉✐③❤♦✉✱ ❛♥❞ ●✉❛♥❣①✐✮✱ ✇✐t❤ ❝♦♥s✐❞❡r❛❜❧❡ ✈❛r✐❛t✐♦♥s ✐♥ ❧♦❝❛t✐♦♥s✱ ❧❡✈❡❧s ♦❢ ❡❝♦♥♦♠✐❝ ❞❡✲
✈❡❧♦♣♠❡♥t ❛♥❞ ❤❡❛❧t❤ st❛t✉s✳ ❆ ♠✉❧t✐st❛❣❡ r❛♥❞♦♠ ❝❧✉st❡r ♣r♦❝❡ss ✇❛s ❛❞♦♣t❡❞ t♦ ❞r❛✇
t❤❡ s❛♠♣❧❡✳ ❲✐t❤✐♥ ❡❛❝❤ ♦❢ t❤❡ ♥✐♥❡ ♣r♦✈✐♥❝❡s✱ ❝♦✉♥t✐❡s ✇❡r❡ str❛t✐✜❡❞ ❜② ✐♥❝♦♠❡ ❛♥❞
❛ ✇❡✐❣❤t❡❞ s❛♠♣❧✐♥❣ ♠❡t❤♦❞ ✇❛s ✉s❡❞ t♦ r❛♥❞♦♠❧② ❝❤♦♦s❡ ❢♦✉r ❝♦✉♥t✐❡s ✭♦♥❡ ❧♦✇✲✱ t✇♦
♠✐❞❞❧❡✲✱ ❛♥❞ ♦♥❡ ❤✐❣❤✲✐♥❝♦♠❡✮✳ ❆❞❞✐t✐♦♥❛❧❧②✱ t✇♦ ❝✐t✐❡s ✭t❤❡ ❝❛♣✐t❛❧ ❝✐t② ❛♥❞ ❛ ❧♦✇❡r✲
✐♥❝♦♠❡ ❝✐t②✮ ✇❡r❡ r❛♥❞♦♠❧② s❡❧❡❝t❡❞✳ ■♥ t❤❡ ♥❡①t st❛❣❡✱ ✈✐❧❧❛❣❡s ❛♥❞ t♦✇♥s❤✐♣s ✇✐t❤✐♥
t❤❡ ❢♦✉r ❝♦✉♥t✐❡s ❛♥❞ ✉r❜❛♥✴s✉❜✉r❜❛♥ ❛r❡❛s ✇✐t❤✐♥ t❤❡ t✇♦ ❝✐t✐❡s ✇❡r❡ r❛♥❞♦♠❧② s❡✲
❧❡❝t❡❞ ❛s ♣r✐♠❛r② s❛♠♣❧✐♥❣ ✉♥✐ts ✭P❙❯✮✳ ▲❛st❧②✱ t✇❡♥t② ❤♦✉s❡❤♦❧❞s ✇❡r❡ s✉r✈❡②❡❞ ✇✐t❤✐♥
❡❛❝❤ ♣r✐♠❛r② s❛♠♣❧✐♥❣ ✉♥✐ts ❛♥❞ ❛❧❧ ✐♥❞✐✈✐❞✉❛❧s ✇✐t❤✐♥ t❤❡ ❤♦✉s❡❤♦❧❞s ✇❡r❡ ✐♥t❡r✈✐❡✇❡❞
✭▼♦♥❞❛✱ ❆❞❛✐r✱ ❩❤❛✐✱ ❛♥❞ P♦♣❦✐♥✱ ✷✵✵✽❀ ●✉♦✱ P♦♣❦✐♥✱ ▼r♦③✱ ❛♥❞ ❩❤❛✐✱ ✶✾✾✾✮✳ ❚❤❡
❈❍◆❙ ❞❛t❛❜❛s❡ ❝♦♥t❛✐♥s ✐♥❢♦r♠❛t✐♦♥ ❜❛s❡❞ ♦♥ ❛ t❤r❡❡✲❞❛② ❞✐❡t❛r② r❡❝❛❧❧ ✐♥ ❡❛❝❤ s✉r✈❡②✱
♣r♦✈✐❞✐♥❣ ✜rst✲❤❛♥❞ r❡❝♦r❞s ♦♥ ✐♥❞✐✈✐❞✉❛❧ ❢♦♦❞ ❝♦♥s✉♠♣t✐♦♥✳ ❚❤❡ s✉r✈❡② ❛❧s♦ tr❛❝❦s s♦✲
❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞ ❞❡♠♦❣r❛♣❤✐❝ ✐♥❢♦r♠❛t✐♦♥ ❛t t❤❡ ❤♦✉s❡❤♦❧❞ ❛♥❞ ✐♥❞✐✈✐❞✉❛❧ ❧❡✈❡❧✱ s✉❝❤ ❛s
r❡❣✐♦♥✱ ❤❡✐❣❤t✴✇❡✐❣❤t✱ ❡❞✉❝❛t✐♦♥✱ ♠❛rr✐❛❣❡✱ ❛♥❞ ✐♥❝♦♠❡✳

❚❤✐s ♣❛♣❡r ♠❛❦❡s ✉s❡ ♦❢ ❞❛t❛ ❢♦r ❛❞✉❧ts ❛❣❡❞ ✷✵✲✻✾ s✉r✈❡②❡❞ ✐♥ ✷✵✵✹✱ ✷✵✵✻✱ ❛♥❞
✷✵✵✾✳ ❉❛t❛ ♣r✐♦r t♦ ✷✵✵✹ ❛r❡ ♥♦t ✉s❡❞ ❜❡❝❛✉s❡ ❡❛r❧✐❡r s✉r✈❡②s ❞✐❞♥✬t ❝♦❧❧❡❝t ✐♥❢♦r♠❛t✐♦♥
♦❢ s✉♣❡r♠❛r❦❡ts✳ ❖✈❡r t✐♠❡✱ s♦♠❡ ❤♦✉s❡❤♦❧❞s ✇❡r❡ ❧♦st t♦ ❢♦❧❧♦✇✲✉♣ ❛♥❞ ♦t❤❡rs ✇❡r❡
r❡❝r✉✐t❡❞ ❛♥❞✴♦r r❡t✉r♥❡❞ t♦ t❤❡ s✉r✈❡② ✭●✉♦✱ P♦♣❦✐♥✱ ▼r♦③✱ ❛♥❞ ❩❤❛✐✱ ✶✾✾✾✮✳ ❆s ❛
r❡s✉❧t✱ t❤❡ ❞❛t❛ s❡t ✐s ❛♥ ✉♥❜❛❧❛♥❝❡❞ ♣❛♥❡❧✱ ✇✐t❤ ✼✽✳✾✪ ♦❢ ✐♥❞✐✈✐❞✉❛❧s ♣❛rt✐❝✐♣❛t✐♥❣ ✐♥
♦♥❧② ♦♥❡ ✇❛✈❡✱ ✶✽✳✷✾✪ ✐♥ t✇♦ ✇❛✈❡s✱ ❛♥❞ ♦♥❧② ✸✪ ✐♥ ❛❧❧ t❤r❡❡ ✇❛✈❡s✳

❚❤❡ ❝♦♥s✉♠♣t✐♦♥ ♣❛tt❡r♥s ♦❢ ♠❛✐♥ ❢♦♦❞ ❣r♦✉♣s ❛r❡ s❤♦✇♥ ✐♥ ❋✐❣✉r❡ ✭✶✮✳ ❖✈❡r t✐♠❡✱
♣❡♦♣❧❡ ❝♦♥s✉♠❡❞ ❧❡ss ❝❡r❡❛❧ ❜✉t ♠♦r❡ ❛♥✐♠❛❧ ❢♦♦❞s✱ ❢r✉✐t✱ ❛♥❞ ❞❛✐r② ♣r♦❞✉❝ts✳ ❚❤❡ ❛✈❡r❛❣❡
❞❛✐❧② ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❝❡r❡❛❧ ❞❡❝r❡❛s❡❞ ❜② ✷✻✳✸✪✱ ✇❤✐❧❡ t❤❛t ♦❢ ❛♥✐♠❛❧ ❢♦♦❞s✱ ❢r✉✐t ❛♥❞
❞❛✐r② ❣r❡✇ ❜② ✾✶✪✱ ✷✶✻✪ ❛♥❞ ✸✷✽✪✱ r❡s♣❡❝t✐✈❡❧②✳ ▲❛r❣❡ ✈❛r✐❛t✐♦♥s ❡①✐st ❜❡t✇❡❡♥ r✉r❛❧
❛♥❞ ✉r❜❛♥ ❞✐❡ts✳ ■♥ ♣❛rt✐❝✉❧❛r✱ r✉r❛❧ ✐♥❞✐✈✐❞✉❛❧s ❝♦♥s✉♠❡ ♠♦r❡ ❝❡r❡❛❧ ❜✉t ❧❡ss ❛♥✐♠❛❧
❢♦♦❞s✱ ❢r✉✐t ❛♥❞ ❞❛✐r②✳

❚❛❜❧❡ ■ r❡♣♦rts t❤❡ ♠❡❛♥ ❛♥❞ s❡✈❡r❛❧ ♣❡r❝❡♥t✐❧❡s ♦❢ ♠❛❥♦r ❢♦♦❞ ✐♥t❛❦❡s ❜② ❈❤✐♥❡s❡
❛❞✉❧ts s✉r✈❡②❡❞ ✐♥ ✷✵✵✾✳ ❚❤❡ ♦❜s❡r✈❡❞ ❞✐str✐❜✉t✐♦♥ ✐s ❝♦♠♣❛r❡❞ t♦ t❤❡ ❞❛✐❧② r❡❝♦♠♠❡♥❞❡❞
✐♥t❛❦❡s ❜② t❤❡ ❈❤✐♥❡s❡ ◆✉tr✐t✐♦♥ ❙♦❝✐❡t②✳ ❚❤✐s ❝♦♠♣❛r✐s♦♥ r❡✈❡❛❧s s❡✈❡r❛❧ ❝❤❛r❛❝t❡r✐st✐❝s
♦❢ ❈❤✐♥❡s❡ ❞✐❡ts✳ ❚❤❡ ❛✈❡r❛❣❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❝❡r❡❛❧✱ ❛♥✐♠❛❧ ❢♦♦❞s ❛♥❞ ✈❡❣❡t❛❜❧❡s ❛r❡ ❛❧❧



❋✐❣✉r❡ ✶✿ P❡r ❈❛♣✐t❛ ❋♦♦❞ ❈♦♥s✉♠♣t✐♦♥ ✐♥ ❈❤✐♥❛✱ ❘✉r❛❧ ✈s✳ ❯r❜❛♥✱ ✶✾✽✾✲✷✵✵✾

❛r♦✉♥❞ t❤❡ ✉♣♣❡r ❜♦✉♥❞ ♦❢ t❤❡ r❡❝♦♠♠❡♥❞❡❞ r❛♥❣❡✳ ❖♥ t❤❡ ❝♦♥tr❛r②✱ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢
❢r✉✐t ❛♥❞ ❞❛✐r② ♣r♦❞✉❝ts ❛r❡ ✇❡❧❧ ❜❡❧♦✇ ❛❞❡q✉❛❝②✳ ■t ✐s r❡❝♦♠♠❡♥❞❡❞ t❤❛t ❛♥ ❛❞✉❧t s❤♦✉❧❞
❤❛✈❡ ✷✵✵✲✹✵✵ ❣r❛♠s ♦❢ ❢r✉✐t ❡✈❡r②❞❛②✱ ❜✉t t❤❡ s✉r✈❡② s❤♦✇s ❛ ♠❡❛♥ ♦❢ ✺✼✳✶ ❣r❛♠s ❛♥❞ ❛
♠❡❞✐❛♥ ♦❢ ✵✳ ❚❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❞❛✐r② ♣r♦❞✉❝ts ✐s ❡✈❡♥ ♠♦r❡ s❦❡✇❡❞ ✕ ❡✈❡♥ t❤❡ ✾✵t❤
♣❡r❝❡♥t✐❧❡ r❡♣♦rts ③❡r♦✳ ❚❤❡ ♠❡❛♥ ✐♥t❛❦❡ ♦❢ ✶✶✳✼ ❣r❛♠s ✐s ❢❛r ❜❡❧♦✇ t❤❡ r❡❝♦♠♠❡♥❞❡❞ ✸✵✵
❣r❛♠s✳ Pr♦❢❡ss♦r ❋❛♥ ❢r♦♠ ❈❤✐♥❛ ❆❣r✐❝✉❧t✉r❡ ❯♥✐✈❡rs✐t② ♣♦✐♥t❡❞ ♦✉t t❤❛t✱ ✇❤✐❧❡ ♣❡♦♣❧❡
✐♥ ❧❛r❣❡ ❝✐t✐❡s ♠❛② ❞r✐♥❦ ♦♥❡ ❝✉♣ ♦❢ ♠✐❧❦ ❡✈❡r② ❞❛②✱ t❤❡ ♥❛t✐♦♥✇✐❞❡ ❛✈❡r❛❣❡ ✐s ❛❜♦✉t
♦♥❡ s♣♦♦♥ ✭❘❡♥♠✐♥ ◆❡t✱ ✷✵✵✼✮✳ ❆♥ ✐♠♣♦rt❡❞ ❣♦♦❞ ♦r✐❣✐♥❛❧❧②✱ ❝❤❡❡s❡ ✐s ❧❛r❣❡❧② ❡①❝❧✉❞❡❞
❢r♦♠ tr❛❞✐t✐♦♥❛❧ ❈❤✐♥❡s❡ ❝✉✐s✐♥❡✱ ❛♥❞ ✐ts ♥✉tr✐t✐♦♥ ❢❛❝ts r❡♠❛✐♥ ✉♥r❡❝♦❣♥✐③❡❞ ❜② ♦r❞✐♥❛r②
❝♦♥s✉♠❡rs✳

❚❤❡ s✉♠♠❛r② st❛t✐st✐❝s ♦❢ s♦❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞ ❞❡♠♦❣r❛♣❤✐❝ ✈❛r✐❛❜❧❡s ❛r❡ ♣r❡s❡♥t❡❞
✐♥ ❚❛❜❧❡ ■■✳ ❖♥ ❛✈❡r❛❣❡✱ t❤❡ ❝❧♦s❡st s✉♣❡r♠❛r❦❡t ✐s ❛❜♦✉t ✹✳✽ ❦✐❧♦♠❡t❡rs ❛✇❛② ✭❛❜♦✉t ✸
♠✐❧❡s✮✳ ❚❤❡ ❞✐st❛♥❝❡ ❢r♦♠ ❛ s✉♣❡r♠❛r❦❡t ✐s ✸✳✺ ❦✐❧♦♠❡t❡rs ❢♦r ✉r❜❛♥ ❞✇❡❧❧❡rs✱ ❝♦♠♣❛r❡❞
t♦ ✺✳✼ ❦✐❧♦♠❡t❡rs ❢♦r t❤❡✐r r✉r❛❧ ❝♦✉♥t❡r♣❛rts✳ ▼♦r❡♦✈❡r✱ ✐♥❞✐✈✐❞✉❛❧s ✐♥ r✉r❛❧ ❛r❡❛s ❛r❡ ❧❡ss
❧✐❦❡❧② t♦ ♦✇♥ ✈❡❤✐❝❧❡s✱ ❛♥❞ t❤❡ ♣✉❜❧✐❝ tr❛♥s♣♦rt❛t✐♦♥ s②st❡♠ t❤❡r❡ ✐s ♥♦t ✇❡❧❧ ❡st❛❜❧✐s❤❡❞✱
❜♦t❤ ♦❢ ✇❤✐❝❤ ♠❛❦❡ tr❛✈❡❧✐♥❣ t♦ s✉♣❡r♠❛r❦❡ts ❞✐✣❝✉❧t✳

❚❛❜❧❡ ■■✿ ❙✉♠♠❛r② ❙t❛t✐st✐❝s ♦❢ ❙♦❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞ ❉❡♠♦❣r❛♣❤✐❝ ❱❛r✐❛❜❧❡s

❱❛r✐❛❜❧❡ ❉❡✜♥✐t✐♦♥ ▼❡❛♥ ❙✳❉✳
❉✐st❛♥❝❡ ❉✐st❛♥❝❡ ✭✐♥ ❑▼✮ t♦ t❤❡ ♥❡❛r❡st s✉♣❡r♠❛r❦❡t ✹✳✽ ✽✳✶
■♥❝♦♠❡ ♣❡r ❝❛♣✐t❛ ❋❛♠✐❧② ♥❡t ✐♥❝♦♠❡ ♣❡r ❝❛♣✐t❛ ✭❨✉❛♥✮ ✽✼✽✺ ✶✶✽✽✻
❊❞✉❝❛t✐♦♥ ▲❡♥❣t❤ ♦❢ ❡❞✉❝❛t✐♦♥ ❝♦♠♣❧❡t❡❞ ✭❨❡❛rs✮ ✽✳✺ ✹✳✶
❯r❜❛♥ ❉✉♠♠② ✈❛r✐❛❜❧❡✱ = 1 ✐❢ r❡s✐❞✐♥❣ ✐♥ ✉r❜❛♥ ❛r❡❛s ✵✳✹✶ ✵✳✹✾
❍❍ ❙✐③❡ ◆✉♠❜❡r ♦❢ ♣❡♦♣❧❡ ✐♥ ❛ ❢❛♠✐❧② ✸✳✹ ✶✳✹
❲❡✐❣❤t ❲❡✐❣❤t ✐♥ ❦✐❧♦❣r❛♠s ✻✶✳✵✻ ✶✵✳✾
❍❡✐❣❤t ❍❡✐❣❤t ✐♥ ❝❡♥t✐♠❡t❡rs ✶✻✶✳✻✺ ✽✳✹
❆❣❡ ❆❣❡ ✐♥ ②❡❛rs ✹✼✳✹✹ ✶✶✳✾
▼❛❧❡ ❉✉♠♠② ✈❛r✐❛❜❧❡✱ = 1 ✐❢ ♠❛❧❡ ✵✳✹✾ ✵✳✹✾
❙♦✉t❤ ❉✉♠♠② ✈❛r✐❛❜❧❡✱ = 1 ✐❢ r❡s✐❞✐♥❣ ✐♥ ❛ s♦✉t❤❡r♥ ♣r♦✈✐♥❝❡ ✵✳✻✹ ✵✳✹✽
▼❛rr✐❡❞ ❉✉♠♠② ✈❛r✐❛❜❧❡✱ = 1 ✐❢ ♠❛rr✐❡❞ ✵✳✽✼ ✵✳✸✹



✸ ❊♠♣✐r✐❝❛❧ ♠♦❞❡❧

❚❤❡ ❝♦♥s✉♠♣t✐♦♥ ♠♦❞❡❧ ✐s ♠♦t✐✈❛t❡❞ ❜② ◆❛②❣❛ ✭✶✾✾✹✮ ❛♥❞ ◆❛②❣❛ ❛♥❞ ❈❛♣♣s ✭✶✾✾✹✮✱ ✐♥
✇❤✐❝❤ t❤❡ ✐♥t❛❦❡ ♦❢ ❛ ♣❛rt✐❝✉❧❛r ❢♦♦❞ ♦r ♥✉tr✐❡♥t ✐s s♣❡❝✐✜❡❞ ❛s✿

Ci = F (p, yi, Si), ✭✸✳✶✮

✇❤❡r❡ Ci ❝♦rr❡s♣♦♥❞s t♦ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❛ ❝❡rt❛✐♥ ❢♦♦❞ ❜② ✐♥❞✐✈✐❞✉❛❧ i❀ p r❡♣r❡s❡♥ts
❢♦♦❞ ♣r✐❝❡❀ yi ✐s ♣❡r ❝❛♣✐t❛ ✐♥❝♦♠❡❀ ❛♥❞ Si ✐s ❛ ✈❡❝t♦r ♦❢ ✈❛r✐♦✉s s♦❝✐♦❡❝♦♥♦♠✐❝ ❛♥❞
❞❡♠♦❣r❛♣❤✐❝ ❢❛❝t♦rs✳

❆s ♥♦t❡❞ ❛❜♦✈❡✱ t❤❡ ❈❍◆❙ ❞❛t❛ s❡t ✐s ❛♥ ✉♥❜❛❧❛♥❝❡❞ ♣❛♥❡❧✳ ■❢ t❤❡ r❡❛s♦♥ ❢♦r ✐♥❞✐✈✐❞✉✲
❛❧s ❞r♦♣♣✐♥❣ ♦✉t ♦❢ t❤❡ s❛♠♣❧❡ ✐s ✉♥❝♦rr❡❧❛t❡❞ t♦ t❤❡ ✉♥♦❜s❡r✈❡❞ ✐♥❞✐✈✐❞✉❛❧ ❝❤❛r❛❝t❡r✐st✐❝s✱
t❤❡♥ t❤❡ tr❛❞✐t✐♦♥❛❧ ♣❛♥❡❧ r❡❣r❡ss✐♦♥ ❝❛♥ ❜❡ ❛♣♣❧✐❡❞❀ ♦t❤❡r✇✐s❡✱ ✐t ②✐❡❧❞s ❜✐❛s❡❞ ❡st✐♠❛t❡s
✭❈❛♠❡r♦♥ ❛♥❞ ❚r✐✈❡❞✐✱ ✷✵✵✽✮✳ ❯♥❢♦rt✉♥❛t❡❧②✱ ❈❍◆❙ s✉r✈❡②s ❞♦ ♥♦t r❡❝♦r❞ t❤❡ r❡❛s♦♥s ❢♦r
❞r♦♣♣✐♥❣ ♦✉t✱ t❤✉s t❤❡ ❡①✐st❡♥❝❡ ♦❢ ❛ttr✐t✐♦♥ ❜✐❛s ❝❛♥♥♦t ❜❡ t❡st❡❞ ❛♥❞ ❛ ♣❛♥❡❧ r❡❣r❡ss✐♦♥
❝❛♥♥♦t ❣✉❛r❛♥t❡❡ ✉♥❜✐❛s❡❞ ❡st✐♠❛t✐♦♥ r❡s✉❧ts✳ ❚❤❡r❡❢♦r❡✱ ❛ ♣♦♦❧❡❞ ❖▲❙ ♠♦❞❡❧ ✇✐t❤ ②❡❛r
❞✉♠♠✐❡s ✐s ❡st✐♠❛t❡❞ ✭❊q✳ ✸✳✷✮✱ ❝♦♥tr♦❧❧✐♥❣ ❢♦r ❞❛t❛ ❝❧✉st❡r✐♥❣✶✳

log(Cj

i
) =α0log(Distance) + α1log(Income) + α2Education+ α3Urban+ α4HHSize+ α5Weight

+ α6Height+ α7Age+ α8Age2 + α9Male+ α10South+ α11Married

+ β1log(P.rice) + β2log(P.wheat) + β3log(P.vege) + β4log(P.pork)

+ β5log(P.beef) + β6log(P.chicken) + β7log(P.fish) + β8log(P.lamb)

+ β9log(P.eggs) + β10log(P.milk) + γ1d2006 + γ2d2009 + Constant

✭✸✳✷✮

✇❤❡r❡ Cj
i r❡♣r❡s❡♥ts t❤❡ ✸✲❞❛② ❛✈❡r❛❣❡ ❞❛✐❧② ❝♦♥s✉♠♣t✐♦♥ ✭❣r❛♠s✮ ♦❢ ❢♦♦❞ ❣r♦✉♣ j

❜② ✐♥❞✐✈✐❞✉❛❧ i✳ ❚❤✐s ♣❛♣❡r ❝♦♥s✐❞❡rs ✜✈❡ ❢♦♦❞ ❣r♦✉♣s✿ ❝❡r❡❛❧✱ ❛♥✐♠❛❧ ❢♦♦❞s✱ ✈❡❣❡t❛❜❧❡s✱
❢r✉✐t✱ ❛♥❞ ❞❛✐r② ♣r♦❞✉❝ts✳ Distance ❝♦♥tr♦❧s ❢♦r t❤❡ ♣r♦①✐♠✐t② ♦❢ ❛ s✉♣❡r♠❛r❦❡t✳ Income
✐s ♣❡r ❝❛♣✐t❛ ❛♥♥✉❛❧ ✐♥❝♦♠❡ ✐♥ ✷✵✵✾ ❘▼❇✳ Education ♠❡❛s✉r❡s t❤❡ ②❡❛rs ♦❢ s❝❤♦♦❧✐♥❣✳
Urban = 1 ✐❢ t❤❡ ♣❡rs♦♥ ✐s ❛♥ ✉r❜❛♥ r❡s✐❞❡♥t ❛♥❞ ✵ ♦t❤❡r✇✐s❡✱ Weight ❛♥❞ Height ❛r❡
✐♥ t❤❡ ✉♥✐ts ♦❢ ❦✐❧♦❣r❛♠s ❛♥❞ ❝❡♥t✐♠❡t❡rs✱ r❡s♣❡❝t✐✈❡❧②✳ South = 1 ✐❢ t❤❡ ♣❡rs♦♥ ❧✐✈❡s ✐♥
❛ s♦✉t❤❡r♥ ♣r♦✈✐♥❝❡ ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳ Married = 1 ✐❢ t❤❡ ✐♥❞✐✈✐❞✉❛❧ ✐s ♠❛rr✐❡❞ ❛♥❞ ✵
♦t❤❡r✇✐s❡✳ ❉✉♠♠✐❡s dt = 1 ✐❢ Y ear = t ❛♥❞ ✵ ♦t❤❡r✇✐s❡✳

✹ ❘❡s✉❧ts

❚❛❜❧❡ ■■■ ♣r❡s❡♥ts t❤❡ r❡❣r❡ss✐♦♥ r❡s✉❧ts✳ ❋✐rst ♦❢ ❛❧❧✱ t❤❡ ❝♦❡✣❝✐❡♥t ♦❢ ❞✐st❛♥❝❡ ❢r♦♠ t❤❡
♥❡❛r❡st s✉♣❡r♠❛r❦❡t ✐s ♣♦s✐t✐✈❡ ❢♦r ❝❡r❡❛❧ ❛♥❞ ✈❡❣❡t❛❜❧❡s✱ ❜✉t ♥❡❣❛t✐✈❡ ❢♦r ❛♥✐♠❛❧ ❢♦♦❞✱
❢r✉✐t✱ ❛♥❞ ❞❛✐r② ♣r♦❞✉❝ts✳ ■♥ ♦t❤❡r ✇♦r❞s✱ ✐♥❞✐✈✐❞✉❛❧s ✇✐t❤ ❝♦♥✈❡♥✐❡♥t ❛❝❝❡ss t♦ s✉♣❡r✲
♠❛r❦❡ts ❛♣♣❡❛r t♦ ❝♦♥s✉♠❡ ♠♦r❡ ♠❡❛t✱ ❢r✉✐t✱ ❛♥❞ ❞❛✐r②✱ ❜✉t ❧❡ss ❝❡r❡❛❧ ❛♥❞ ✈❡❣❡t❛❜❧❡s✳
❚❤❡ ❝♦❡✣❝✐❡♥t ❡st✐♠❛t❡s ❛r❡ st❛t✐st✐❝❛❧❧② s✐❣♥✐✜❝❛♥t✳

❚❤❡ r❡s✉❧ts s✉❣❣❡st t❤❛t t❤❡ ❛✈❛✐❧❛❜✐❧✐t② ♦❢ ♥❡✐❣❤❜♦r❤♦♦❞ s✉♣❡r♠❛r❦❡ts ❤❛s ❝❡rt❛✐♥
✐♥✢✉❡♥❝❡ ♦✈❡r t❤❡ ❈❤✐♥❡s❡ ❞✐❡t❛r② str✉❝t✉r❡✳ ❆❧t❤♦✉❣❤ t❤❡ s✉♣❡r♠❛r❦❡t r❡✈♦❧✉t✐♦♥ ❤❛❞
❛❞✈❡rs❡❧② ✐♠♣❛❝t❡❞ t❤❡ ❜✉s✐♥❡ss ♦❢ tr❛❞✐t✐♦♥❛❧ ❝♦♠♠✉♥✐t② ♠❛r❦❡ts✱ t❤❡② ✇❡r❡ ♥❡✈❡r ❝♦♠✲
♣❧❡t❡❧② r❡♣❧❛❝❡❞ ❜② s✉♣❡r♠❛r❦❡ts✳ ■♥ ❢❛❝t✱ s✉♣❡r♠❛r❦❡ts ❛♥❞ ❝♦♠♠✉♥✐t② ♠❛r❦❡ts ❤❛✈❡
t❤❡✐r r❡s♣❡❝t✐✈❡ ❛❞✈❛♥t❛❣❡s✳ ❚❤❛♥❦s t♦ ❡❝♦♥♦♠✐❡s ♦❢ s❝❛❧❡✱ s✉♣❡r♠❛r❦❡ts ❛r❡ ❛❜❧❡ t♦
r❡❞✉❝❡ tr❛♥s♣♦rt❛t✐♦♥ ❝♦sts ♣❡r ✉♥✐t ❛♥❞ s✉♣♣❧② ♣r♦❞✉❝ts ❢r♦♠ ❞✐st❛♥t r❡❣✐♦♥s ✭❡✳❣✳✱ tr♦♣✲
✐❝❛❧ ❢r✉✐t✮✳ ❙✉♣❡r♠❛r❦❡ts ❛❧s♦ ♣r♦✈✐❞❡ ❜❡tt❡r st♦r❛❣❡ ❢♦r ♣❡r✐s❤❛❜❧❡ ❣♦♦❞s ✭❡✳❣✳✱ ♠❡❛t✱

✶❚❤❡ ♠♦❞❡❧ ✐s ❡st✐♠❛t❡❞ ✇✐t❤ r♦❜✉st st❛♥❞❛r❞ ❡rr♦rs ❛❧❧♦✇✐♥❣ ✐♥❞✐✈✐❞✉❛❧ ❝❧✉st❡r✐♥❣✳



❚❛❜❧❡ ■■■✿ ❘❡❣r❡ss✐♦♥ ❘❡s✉❧ts

❈❡r❡❛❧ ❱❡❣❡t❛❜❧❡s ❆♥✐♠❛❧ ❢♦♦❞s ❋r✉✐t ❉❛✐r② ♣r♦❞✉❝ts
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✭✵✳✷✷✼✮ ✭✵✳✸✹✹✮ ✭✵✳✵✺✮ ✭✵✳✵✽✮ ✭✵✳✵✻✶✮
◆ ✻✶✸✹ ✻✶✸✹ ✻✶✸✹ ✻✶✸✹ ✻✶✸✹

✯✯✯✿♣❁✵✳✵✵✶❀ ✯✯✿✵✳✵✵✶❁♣❁✵✳✵✶❀ ✯✿✵✳✵✶❁♣❁✵✳✵✺❀ st❛♥❞❛r❞ ❡rr♦rs ❛r❡ ✐♥ ♣❛r❡♥t❤❡s❡s

♠✐❧❦✱ ❛♥❞ ❡❣❣s✮✳ ❋♦r t❤❡s❡ r❡❛s♦♥s✱ t❤❡ ♣r♦①✐♠✐t② ♦❢ s✉♣❡r♠❛r❦❡ts ❤❡❧♣s ❢❛❝✐❧✐t❛t❡ t❤❡
❝♦♥s✉♠♣t✐♦♥ ♦❢ ❛♥✐♠❛❧ ❢♦♦❞s✱ ❢r✉✐t✱ ❛♥❞ ❞❛✐r② ♣r♦❞✉❝ts✳ ❖♥ t❤❡ ♦t❤❡r ❤❛♥❞✱ ❝♦♠♠✉✲
♥✐t② ♠❛r❦❡ts ♠❛✐♥t❛✐♥ ❛♥ ✉♥✐q✉❡ ❛♣♣❡❛❧ t♦ ❝✉st♦♠❡rs✳ ❋✐rst✱ t❤❡② ♦✛❡r ❞❡❧✐✈❡r② s❡r✈✐❝❡s
❢♦r ❧❛r❣❡ q✉❛♥t✐t✐❡s ♦❢ ❢♦♦❞s✱ s✉❝❤ ❛s ❜❛❣s ♦❢ r✐❝❡ ❛♥❞ ✇❤❡❛t ♣♦✇❞❡r✳ ■♥ ❈❤✐♥❛✱ ♣❡♦♣❧❡
♣✉r❝❤❛s❡ r✐❝❡ ✐♥ ❜❛❣s r❛♥❣✐♥❣ ❢r♦♠ ✶✵ t♦ ✺✵ ❦✐❧♦❣r❛♠s ✭❛❜♦✉t ✷✷✲✶✶✵ ♣♦✉♥❞s✮✳ ❆❜s❡♥t
❞❡❧✐✈❡r② s❡r✈✐❝❡s✱ ❤♦✉s❡❤♦❧❞s ✇✐t❤ ♥♦ ✈❡❤✐❝❧❡s ✜♥❞ ✐t ✐♥❝♦♥✈❡♥✐❡♥t t♦ ❜✉② r✐❝❡ ❛♥❞ ♦t❤❡r
❝❡r❡❛❧s ❢r♦♠ s✉♣❡r♠❛r❦❡ts✳ ❙❡❝♦♥❞✱ ❢r❡s❤ ✈❡❣❡t❛❜❧❡s ❞❡❧✐✈❡r❡❞ ❞❛✐❧② ❢r♦♠ ❧♦❝❛❧ ❢❛r♠s t♦
❝♦♠♠✉♥✐t② ♠❛r❦❡ts ❛r❡ ♣♦♣✉❧❛r ❛♠♦♥❣ ❢❛♠✐❧✐❡s ♣r❡❢❡rr✐♥❣ ❢r❡s❤ ♣r♦❞✉❝❡✳ ❚❤✐r❞✱ ✉♥❧✐❦❡
✐♥ s✉♣❡r♠❛r❦❡ts✱ ✈❡❣❡t❛❜❧❡s ✐♥ ❝♦♠♠✉♥✐t② ♠❛r❦❡ts ❛r❡ ♦❢t❡♥ ❧♦♦s❡❧② ♣r❡s❡♥t❡❞ ✇✐t❤ ♥♦
♣❛❝❦❛❣✐♥❣ ♦r ♣r❡✲✇❛s❤✐♥❣✱ ❛♥❞ t❤✉s ❧❡ss ❡①♣❡♥s✐✈❡✳ ❋♦r t❤❡s❡ r❡❛s♦♥s✱ ✇❤❡♥ s✉♣❡r♠❛r✲
❦❡ts ❛r❡ ✉♥❛✈❛✐❧❛❜❧❡✱ ✐♥❞✐✈✐❞✉❛❧s t❡♥❞ t♦ r❡❧② ♦♥ ❝♦♠♠✉♥✐t② ♠❛r❦❡ts✱ ✇❤✐❝❤ s♣❡❝✐❛❧✐③❡ ✐♥
s❡❧❧✐♥❣ ❝❡r❡❛❧ ❛♥❞ ✈❡❣❡t❛❜❧❡s✳

❚❤❡ ❝♦❡✣❝✐❡♥t ❡st✐♠❛t❡s ❢♦r ♦t❤❡r ❝♦✈❛r✐❛t❡s ❛r❡ ❝♦♥s✐st❡♥t ✇✐t❤ ❡❝♦♥♦♠✐❝ t❤❡♦r② ❛♥❞
t❤❡ ❧✐t❡r❛t✉r❡✳ ❚❤❡ ❝♦❡✣❝✐❡♥t ♦❢ ✐♥❝♦♠❡ ✐s ♥❡❣❛t✐✈❡ ❢♦r t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❝❡r❡❛❧✱ ❜✉t
♣♦s✐t✐✈❡ ❢♦r t❤❡ ✐♥t❛❦❡s ♦❢ ❛♥✐♠❛❧ ❢♦♦❞s✱ ❢r✉✐t✱ ❛♥❞ ❞❛✐r②✳ ❆♥ ✶✪ ✐♥❝r❡❛s❡ ♦❢ ✐♥❝♦♠❡ ✐s
❛ss♦❝✐❛t❡❞ ✇✐t❤ ❛ ✵✳✵✶✻✪ ❞❡❝r❡❛s❡ ♦❢ ❝❡r❡❛❧✱ ❜✉t ✵✳✶✽✪✱ ✵✳✶✸✪✱ ❛♥❞ ✵✳✶✷✪ ✐♥❝r❡❛s❡ ♦❢
♠❡❛t✱ ❢r✉✐t✱ ❛♥❞ ❞❛✐r②✳

❊❞✉❝❛t✐♦♥ ✐s ♥❡❣❛t✐✈❡❧② ❝♦rr❡❧❛t❡❞ t♦ t❤❡ ❝♦♥s✉♠♣t✐♦♥ ♦❢ ❝❡r❡❛❧ ❛♥❞ ✈❡❣❡t❛❜❧❡s✱ ❜✉t
♣♦s✐t✐✈❡❧② ❝♦rr❡❧❛t❡❞ t♦ t❤❛t ♦❢ ❛♥✐♠❛❧ ❢♦♦❞s✱ ❢r✉✐t✱ ❛♥❞ ❞❛✐r②✳ ❚❤❡r❡ ✐s ❛ ❝❧❡❛r r✉r❛❧✲✉r❜❛♥
❞✐✈✐❞❡ ✐♥ ❝♦♥s✉♠♣t✐♦♥ ♣❛tt❡r♥s✳ ❈♦♠♣❛r❡❞ t♦ t❤❡✐r r✉r❛❧ ❝♦✉♥t❡r♣❛rts✱ ✉r❜❛♥ ✐♥❞✐✈✐❞✉❛❧s
❝♦♥s✉♠❡ ✹✶✪ ♠♦r❡ ♠❡❛t✱ ✶✶✹✪ ♠♦r❡ ❢r✉✐t✱ ❛♥❞ ✽✵✪ ♠♦r❡ ❞❛✐r② ♣r♦❞✉❝ts✷✳ ❚❤✐s ♠❡❛♥s
t❤❡ ❢♦♦❞ ❜❛s❦❡t ♦❢ ✉r❜❛♥ ❈❤✐♥❡s❡ ✐s ♠♦r❡ ❞✐✈❡rs✐✜❡❞ ✇❤❡r❡❛s t❤❡ ❤❛❜✐t✉❛❧ ❞✐❡t ♦❢ t❤❡✐r
r✉r❛❧ ❝♦✉♥t❡r♣❛rts ❝♦♥s✐sts ♦❢ ♠♦r❡ ❝❡r❡❛❧s✳ ❙t✉❞✐❡s ❤❛✈❡ ❢♦✉♥❞ t❤❛t ❣❧♦❜❛❧✐③❛t✐♦♥ ❤❛s ❛
str♦♥❣❡r ✐♠♣❛❝t ♦♥ ✉r❜❛♥ ❞✐❡ts ✐♥ ❞❡✈❡❧♦♣✐♥❣ ❝♦✉♥tr✐❡s ❞✉❡ t♦ t❤❡ ♣r♦❧✐❢❡r❛t✐♥❣ ❝♦♥s✉♠❡r
❢♦♦❞ ✐♥❞✉str② ❛♥❞ ✐♠♣♦rt❡❞ ♣r♦❝❡ss❡❞ ❢♦♦❞s ✭❱❡♣❛✱ ✷✵✵✸✮✳ ■♥ ❛❞❞✐t✐♦♥✱ ✉r❜❛♥ r❡s✐❞❡♥ts

✷◆♦t✐❝❡ t❤❛t ❯r❜❛♥ ✐s ❛ ❞✉♠♠② ✈❛r✐❛❜❧❡✱ ❛♥❞ ❞❡♣❡♥❞❡♥t ✈❛r✐❛❜❧❡ ✐s ❧♦❣❛r✐t❤♠✐❝✳ ❚❤❡ ♠❛r❣✐♥❛❧ ❡✛❡❝t

♦❢ ❯r❜❛♥ ✐s (eβ✉r❜❛♥ − 1)× 100%✳



❚❛❜❧❡ ■❱✿ ❘♦❜✉st♥❡ss

❈❡r❡❛❧ ❱❡❣❡t❛❜❧❡s ❆♥✐♠❛❧ ❢♦♦❞s ❋r✉✐t ❉❛✐r② ♣r♦❞✉❝ts
P♦♦❧❡❞ ❖▲❙ ✇✴ ②❡❛r ❞✉♠♠✐❡s ✵✳✵✺✺✯✯✯ ✵✳✵✺✾✯✯✯ ✲✵✳✵✻✼✯✯✯ ✲✵✳✶✸✸✯✯✯ ✲✵✳✵✾✾✯✯✯
P❛♥❡❧ r❡❣r❡ss✐♦♥ ✵✳✵✹✹✯✯✯ ✵✳✵✺✹✯✯✯ ✲✵✳✵✼✶✯✯✯ ✲✵✳✶✷✸✯✯✯ ✲✵✳✵✾✾✯✯✯
P♦♦❧❡❞ ❖▲❙ ✇✴ ❢❡✇❡r ❝♦♥tr♦❧ ✈❛r✐❛❜❧❡s ✵✳✵✻✾✯✯✯ ✵✳✵✹✼✯✯✯ ✲✵✳✶✷✸✯✯✯ ✲✵✳✶✶✽✯✯✯ ✲✵✳✶✷✻✯✯✯
P❛♥❡❧ r❡❣r❡ss✐♦♥ ✇✴ ❢❡✇❡r ❝♦♥tr♦❧ ✈❛r✐❛❜❧❡s ✵✳✵✻✺✯✯✯ ✵✳✵✹✽✯✯✯ ✲✵✳✶✵✾✯✯✯ ✲✵✳✵✾✻✯✯✯ ✲✵✳✶✷✷✯✯✯

✯✯✯✿♣❁✵✳✵✵✶❀ ✯✯✿✵✳✵✵✶❁♣❁✵✳✵✶❀ ✯✿✵✳✵✶❁♣❁✵✳✵✺❀ st❛♥❞❛r❞ ❡rr♦rs ❛r❡ ✐♥ ♣❛r❡♥t❤❡s❡s
❈♦♠♣❧❡t❡ ❡st✐♠❛t✐♦♥ r❡s✉❧ts ❛r❡ ❛✈❛✐❧❛❜❧❡ ✉♣♦♥ r❡q✉❡st✳

♠❛② ❤❛✈❡ ❜❡tt❡r ❛❝❝❡ss t♦ t❤❡ ❤❡❛❧t❤ ❛♥❞ ♥✉tr✐t✐♦♥ r❡❧❛t❡❞ ✐♥❢♦r♠❛t✐♦♥✱ ✇❤✐❝❤ ❤❡❧♣s t❤❡♠
♠❛✐♥t❛✐♥ ❛ ♠♦r❡ ❜❛❧❛♥❝❡❞ ❞✐❡t✳

❚❤❡ ♠❛✐♥ ❡st✐♠❛t✐♦♥ str❛t❡❣② ✐s ♣♦♦❧❡❞ ❖▲❙ ✇✐t❤ ②❡❛r ❞✉♠♠✐❡s ❢♦r r❡❛s♦♥s ❡①♣❧❛✐♥❡❞
❛❜♦✈❡✳ ❆s ❛ r♦❜✉st ❝❤❡❝❦✱ ♣❛♥❡❧ r❡❣r❡ss✐♦♥ t❡❝❤♥✐q✉❡s ✇❡r❡ ❛♣♣❧✐❡❞✳ ◆♦ s✐❣♥✐✜❝❛♥t ❞✐✛❡r✲
❡♥❝❡ ✇❛s ❢♦✉♥❞ ❜❡t✇❡❡♥ r❡s✉❧ts ❢r♦♠ t❤❡ t✇♦ ❡st✐♠❛t✐♦♥ str❛t❡❣✐❡s ✭❚❛❜❧❡ ■❱✮✳ ❆❞❞✐t✐♦♥✲
❛❧❧②✱ ❡st✐♠❛t✐♦♥ ✇❛s ❝♦♥❞✉❝t❡❞ ✉s✐♥❣ ♦♥❧② ❞✐st❛♥❝❡✱ ✐♥❝♦♠❡✱ ❡❞✉❝❛t✐♦♥✱ ❛♥❞ ❢♦♦❞ ♣r✐❝❡s✳
❚❤❡ r❡s✉❧ts ❛♣♣❡❛r t♦ ❜❡ r♦❜✉st✳

✺ ❈♦♥❝❧✉s✐♦♥

❊①✐st✐♥❣ st✉❞✐❡s ❡①♣❧❛✐♥ t❤❡ tr❛♥s✐t✐♦♥ ♦❢ ❞✐❡t❛r② ❤❛❜✐t ✐♥ ❈❤✐♥❛ ❜② ✐♥❝♦♠❡ ❣r♦✇t❤✱ ❢♦♦❞
✐♥✢❛t✐♦♥✱ ❛♥❞ t❤❡ ❝❤❛♥❣✐♥❣ ❛♣♣❡t✐t❡ ✉♥❞❡r t❤❡ ✐♥✢✉❡♥❝❡ ♦❢ ✇❡st❡r♥ ❝✉✐s✐♥❡✳ ❚❤✐s ♣❛♣❡r
✐♥tr♦❞✉❝❡s ❛ s✉♣♣❧②✲s✐❞❡ ❢❛❝t♦r✱ t❤❡ ❛✈❛✐❧❛❜✐❧✐t② ♦❢ s✉♣❡r♠❛r❦❡ts✱ ✇❤✐❝❤ ❤❛s ❜❡❡♥ ❧❛r❣❡❧②
♦✈❡r❧♦♦❦❡❞ ✐♥ t❤❡ ❧✐t❡r❛t✉r❡✳

❚❤❡ r❡s✉❧ts s❤♦✇ t❤❛t ✐♥❞✐✈✐❞✉❛❧s ❧✐✈✐♥❣ ✐♥ ❝❧♦s❡ ♣r♦①✐♠✐t② ♦❢ s✉♣❡r♠❛r❦❡ts ❝♦♥s✉♠❡
♠♦r❡ ❛♥✐♠❛❧ ❢♦♦❞s✱ ❢r✉✐t✱ ❛♥❞ ❞❛✐r② ♣r♦❞✉❝ts✱ ❜✉t ❧❡ss ❝❡r❡❛❧ ❛♥❞ ✈❡❣❡t❛❜❧❡s✳ ❊✈❡♥ t❤♦✉❣❤
t❤❡ ✇❡st❡r♥✲st②❧❡ s✉♣❡r♠❛r❦❡ts ❝❤❛❧❧❡♥❣❡ t❤❡ ❜✉s✐♥❡ss ♦❢ t❤❡ tr❛❞✐t✐♦♥❛❧ ❝♦♠♠✉♥✐t② ♠❛r✲
❦❡ts✱ t❤❡ ❧❛tt❡r ❝♦♥t✐♥✉❡s t♦ ♣❧❛② ❛♥ ✐♠♣♦rt❛♥t r♦❧❡ ✇❤❡r❡ s✉♣❡r♠❛r❦❡ts ❛r❡ r❛r❡✳ ■♥
❛❞❞✐t✐♦♥✱ ❤✐❣❤❡r ✐♥❝♦♠❡✱ ❜❡tt❡r ❡❞✉❝❛t✐♦♥✱ ❛♥❞ ✉r❜❛♥ r❡s✐❞❡♥❝② ❛r❡ ❢♦✉♥❞ t♦ ❜❡ ❛ss♦❝✐✲
❛t❡❞ ✇✐t❤ ❤✐❣❤❡r ❝♦♥s✉♠♣t✐♦♥ ❧❡✈❡❧s ♦❢ ❛♥✐♠❛❧ ❢♦♦❞✱ ❢r✉✐t✱ ❛♥❞ ❞❛✐r② ♣r♦❞✉❝ts✳
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